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Abstract—Innovative technology approaches have been
increasingly investigated for the last two decadegiming at
human being long-term monitoring. However, currentsolutions
suffer from critical limitations. In this paper, a complete system
for contactless health-monitoring in home environmet is
presented. For the first time, radar, wireless commnications, and
data processing techniques are combined together aling
contactless fall detection and tag-less localizatio Practical
limitations are considered and properly dealt with.Experimental
tests, conducted with human volunteer in a realisti room setting,
demonstrate an adequate detection of the target’s baolute
distance and a success rate of 94.3% in distinguisly fall events
from normal movements. The volunteers were free tmove in the
whole room with no constraints in their movements.

Index Terms—Fall detection, health monitoring, radar remote
sensing, tag-less localization, Zighee communicatio

. INTRODUCTION

HE senior citizen population of older than 60 yehas

been steadily increasing worldwide. This situatioas
resulted in a growing need for novel assistive e@bgies that
enable routine long-term home monitoring [1]. Camienal
approaches are based on devices attached to thentjzat
body, involving pressing a button, e.g., worn ageeklace, in
emergency situations [2], [3]. However, persons sinch
situation may already be unconscious or no longéexive
enough to do so. The ideal solution is therefommmtactless
health monitoring system, avoiding the need foioast by the
elderly person.

In the last two decades, attention has been foauséualy

on contactless vital signs monitoring [4]. Theseadmmic
developments are based on radar techniques imptechas a
single device sensor, e.g., Continuous-Wave (CWppbay
radar [5] or Ultra-Wide-Band Impulse-Radio (UWB-IRjdar
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[6]. The capabilities of such devices are limitedheartbeat
and respiration rate monitoring under “ideal coiodit”, e.g.,

constrained to a single motionless person (i.ateseor lying

down). In recent years, remote fall detection hasome a
primary interest in connection to health monitoringhome

environments [7]-[9]. Instances of such investigadi are
systems based on video cameras [10], floor vibmatend

acoustic sensors [11], [12]. Besides privacy camgevideo

camera systems are still troubled by issues rekatdéalw light

environments, field of view, and image processiegulting in

a success rate of 90% using two cameras [$Qfcesses in
floor vibration and acoustic sensors are similéanhted due to

environmental interference and background noisetelier,

they are also less effective in detecting casé'saft” human

falls, defined as a fall after the individual cdés with an
object (table, chair, carpet, etc.) [11], [12].

Due to the disadvantages of existing fall detection
technologies, there is a need for further solutioAs
alternative approach based on radar techniques bleas
demonstrated by the authors [13], [14]. The apgrdacable
to detect fall events and to localize a personauttthe need
for a radio frequency identification (RFID) tag tre person.
However, to satisfy the spectrum mask requiremeants to
have a practical device, traditional radar architexs are not
suitable solutions for this application and the afavm to be
transmitted needs to be properly designed [15].

In this work, a full system is proposed enablingdar, non-
invasive fall detection and tag-less localizatithcombines
radar, wireless communications, and data processing
techniques. Moreover, it has been designed to fisattie
European and Federal Communications Commission YFCC
UWB spectrum masks, and it can also be potentialhnected
to medical monitoring personnel to provide a promletrt in
the event of emergencies.

In Section Il the monitoring principle and undenlgitheory
are presented. The sensor architecture is explam&ection
lll, and the experimental results are discussesieiction 1V.

Il.  OPERATIONAL PRINCIPLE

Fig. 1 shows a simplified block diagram of the psged
health monitoring system. It consists of a sensombining
both radar and wireless communications featured,sabase



station for data processing. A radar waveform isegated and  A. Spectral Analysis

sent to the target, and then its reflected echotanting speed  Neglecting the initial amplitudes, the transmitteaveform
and absolute distance information, is collectedhigyreceiver. can be expressed as:

The resulting baseband signals are digitized aadsinitted

wirelessly to a base station that consists of &#&#gmodule, a -

laptop, and a microcontroller. The latter colleatsl transfers T:0) COS{Zﬂ'SMt * o (t)] @
the data received of the Zigbee module to the [@ap
determine remotely the target's absolute distance @
distinguish a fall event from normal movements (eaglking,
sitting down). The data processing is not performgdthe Tsrcw() :cos{2n(f0+nAf)t+¢n(t)] 2)
sensor in order to avoid complex processor on haardlicing

costs, size, and also energy consumption. Moreotres, for Tp <t < Tw, with 0< n <N. If the waveform is reflected by
represents a flexible solution if multiple sensoiébe used in @ target at a distanc, the received signal will then be
the future. In fact, the base station should combind process fepresented as:

multiple information at the same time.

The radar waveform is based on a hybrid approa _ _2D _2D 3
presented by the authors in [15]. It consists single tone, at Ro= Co{zﬂ'w (t )+¢'SM(t H ©
fism = 5.8 GHz in the ISM band, alternated with a sezbp
frequency continuous wave (SFCW) waveform workimghe and
UWB band, as shown in Fig. 2. Each tone lasts hdsitis
used to continuously detect the speed of a persorg uhe 2D 2D 4
Doppler concept. The SFCW waveform is used to deter  Rsrow(?) :CO{Zﬂ(fo + nAf )(t'cjﬂbn[t'cﬂ “)
target’s absolute distance. It consistd\Nof 40 coherent CW
pulses (calledburs) .who§e frequencies are increased fromrhe output of the 1Q mixer (Fig. 1) can be modefedthe
pulse to pulse by a fixed incremekft= 25 MHz. Each pulse is
T = 50us long, resulting in a burst duratidbhT of 2 ms, while
its total band\-Af is 1 GHz positioned between 6 and 7 GHz

for0<t<Tp, and

product of the received signal with a copy of trensmitted
signal followed by a lowpass filter. For a quadratsampling,

¢ ! "4t is given as:
enabling a smallest resolution of 15 cm. The fudlveform is
1.002 seconds. In comparison to [15], we introdsoene -ia .
: . N =1(t)+ 5
changes in subsection B to tackle some practisaks € ! (t) JQ(t) ®)
In this section, the waveform spectral analysisfiist ith
wi

discussed. Next, these considerations are usedstifyjthe
choice of the waveform parameters, and to expld&ia t
operations of compensation and calibration in gateessing. @ =@ =2k, 2D + 0y + APy (t) (6)
Moreover, the technique to distinguish fall eveindsn normal c

movements is also described. _
for the single tone, and

VAV, 2D
Speed a=a= 2”( fO +nAf )Tn + Hn + A¢n (t) (7)
Absolute Distance
A for the SFCW signalyvhere
DAcC ZIGBEE MICROCONTROLLER |—»| 2D
Sensor Microcontroller \—‘ — A¢(t) = ¢(t) — ¢[t — ] (8)
- 00101010, 00101110 --- — c
W m Base station

Fig. 1. Simplified block diagram of the health ritoring system. is the residual phase noise, which is negligibleilend is the

fIsm fno [t N1 contribution of the phase shift at the target siefa
(approximately 180°) plus additional phase diffeebetween
the mixer and the antenna. Only one sample forepwidth T
oo oo has been considered. In the case of a moving tatgetange
D can be written as:
D T |
v D =Dy +V(t)t 9)
Fig. 2. Designed radar waveform.




for 0<t<Tp, and as demonstrate significant improvements even whenstraple
time is decreased below 7.2 ms. This indicates that
D, =D, + \'(tn)“T (10) maximum speed produced by the subjects’ movemsatsaut
1.8 m/s, lower than the 2 m/s initial assumptioowever, a

for T <t < Tw, andDisy and D, are defined as the ranges tosample rate of 4 ms has been chosen _prov_iding f_irieut
the target at the particular tinte= 0 andt = Tp, respectively. Margin to detect movements of humans with differegights.

Combining egs. (9) and (10) with egs. (6) and (7, phase of To ayoid losses in speed samp!es arlwd to simultaheou
the baseband signal becomes: determine the target's corresponding distance, RheCW

pulses are sent, every one second, in between saeeaples.

This involves a maximum burst intervdt T of 4 ms. In order
to have an unambiguous range of 5 m, the incredkfrom
the second term of eq. (12) should be fixed to 38zMThis
theoretical value cannot be used in practice siheehird and

fifth terms shift the target position outside theambiguous
478D, Af 2D, range. The third, and consequently the fourth tecem be

@ :T““Z”? c nT + (12) neglected by properly choosing the burst duratibi such
2v(t )f 2v(t )nAf that the target is considered static during thiriral, i.e.,
+2r—— 0T + 27— — nT + 6, speedv(t) = 0. The burst interval of 2 ms is sufficientlyosh

¢ ¢ to consider the static target assumption true. Ehee this

) o ) ensures also that the downconverted signals of SREW

The last two equations are essential in the wawefbesign waveform consist of 1/Q direct current (DC) levelis means

and for data pr.ocessing, which consequently Qetmsnthe that only two samples can be acquired per pulséhwidixing
hardware requirement and system complexity. Eq.) (1{.he sample time of SECW waveform to (5
represents that the signal is proportional to #rget's speed,

and it dictates also its sampling rate. On the rottend, eq.
(12) is used to determine the target’'s absolutéadi®. In
particular, the first two terms represent the aafse stationary
target since they are not influenced by spedt), The first
term represents a constant phase shift, which isohany
practical significance, while the second term mautiplication
between the rate of frequency chanfe/ T and the signal C. Data Processing

round-trip time ® / c. The latter term provides the distance The digitized 1/Q baseband signals are processeutedy
information. The remaining terms are undesirablee Third in the base station using Matlab. The samplesieserélated
term represents the Doppler frequency shift duetal@et as in eq. (5), and then split as according to catego be
motion, which adds to the frequency shift of theas®l term, processed separately, namely whether the samptes &er
resulting in a shift of target distance from itsetrvalue. The speed monitoring or for absolute distance detection

fourth term exists due to the interaction of thegfrency- A movement classification based on a Least Squapp&@t
varying step waveform with the target's motion,uléeg in a Vector Machine (LS-SVM) approach [16] is applied to
spread of the target peak. Compensating these tefiec analyze the speed samples in order to distinguasib from
difficult due to the unknown instantaneous targgbuity. The normal movements. The key relies on the differdranges in
final term is frequency-dependent, which adds aedix speed experienced during a fall or a normal moveniumring
frequency shift to the actual target distance. a fall, in fact, the speed continuously increases the sudden
moment when the fall stops abruptly. During a ndrma
movement, the Doppler signal experiences a cortoll
movement. More precisely, while a person is sittimgying
down, the speed first gradually increases, and deeneases to
a smooth stop, whereas during a walk, instead spieed is
quite constant over time. The acquired speed sgnai
activities, are used to build a data set. Befoaenieig a model,
the raw radar data is preprocessed. Each actwigyauped in
9 segment of 2 seconds, considered sufficient teercthe
details of the activities. Given such segments,dé is then
transformed using Fast Fourier Transform (FFT) frahich
only the magnitude spectrum is retained. Two aitéves have
been considered, namely 1) to compute the FFT ttiiren the
complete segment and 2) to use the Short Time BEHFY).

@ =27k, 2[2""5 + 2n2f'5gv(t)t + 6 (11)

and

On the contrary, the fifth term, which is not negdlie, is
compensated through a calibration procedure, iagufor the
presented sensor, in about 1 m fixed shift from ¢berect
target distance. These considerations resultéd io be fixed
at 25 MHz to enable a 6 m coverage, 5 m for théeldsarget
range and another 1 m allowance to cater for tteadfshift.

B. Waveform Design

The proper choice of the paramet&rslp, andN allows to
satisfy the spectrum masks while simultaneously iftav
sufficient transmit power to track a person in pi¢gl room
setting.

The waveform has been designed to monitor contisiyou
the speed of the target and to determine its atesalistance
everyTp = 1 s. Assuming a maximum target movement/fallin
speed of 2 m/s, the I/Q baseband signals contaispeged
information should be acquired at least with a damate of
about 6.5 ms. This value is defined considering Nyguist
theorem and eqgs. (5) and (11), whefg, is 5.8 GHz.
Experimental evaluations on human volunteers haied to



In the latter case, the segment is first choppded B0%
overlapping frames which are each multiplied witHamming
window after which the FFT is computed on each hafse
frames. As opposed to the FFT, the STFT can repréisee
dependent structures and results in higher perfocman case
of signals that experience a gradual change incitgldn the
LS-SVM framework a choice concerning a kernel fiorct
must be made. A kernel function can be seen amiasty
function which defines how signals are compared.tke first
option, the LS-SVM is used in combination with aelar and
Radial Basis Function (RBF) kernel on the FFT datale to
handle the STFT data, the LS-SVM is combined witih t
Global Alignment (GA) kernel. Prior to the learnipbase, the
data was standardized such that each dimensiorelhasnean
and unit standard deviation.

The target's range profile is determined applying t
Inverse Fast Fourier Transformer (IFFT). Howevehnis t
operation has as main challenge the distinctiotheftarget's
reflection from the effects of backscattering andss-
coupling between the two antennas. The latter irevastrong
reflections that overwhelm the much weaker refiéteeeived
signal, resulting in the inability to acquire anyeaningful
target information. Besides, the presence of diatjedue to
furniture in a practical environment must also loasidered.
Both factors can be eliminated by a compensatiahdbnsists
in determining an environmental range profile, elstgrizing
the total contribution from both cross-coupling ardttering.
Its magnitude is then subtracted from the rangefilpso
obtained with the target in the room. Then, thegeaprofile is
shifted by a fixed value to compensate for theotftd the fifth
term in eq. (12). This value is obtained througlhibcation
using a flat metal plate, placing it at a well-kmowistance
from the antennas to evaluate its range profile Wddue of its
corresponding peak is read and subtracted fronttiibrated
distance, thus yielding,.

However, it has to be noted that this operation lmaronly
successful if the backscattering and crosstalk sirengly
reduced, as explained in the next section.

Fig. 3 shows the overall sensor block. It considtshree
main parts, namely the radar module, the AT86RF2Z8bee
module, and the microcontroller. The sensor block
combined with two-element dual-band antennas, desigo
operate at both the radar and Zigbee ISM frequéacyls. As
will be explained in subsection B, the main challens to
reduce the backscattering and crosstalk effectslewl
presenting also a semispherical radiation pattsim off-the-
shelf antennas are available dealing with suchlemgds. A
wideband circulator with one antenna could represemore
compact solution. However, although it does noteegnce
the cross talk, the mismatch between the antendatsifieed
line involves a strong reflection that overwhelrs teflected
signal. This effect cannot be reduced below a malcvalue

SENSORARCHITECTURE

(i.e., -30 dB) in the whole radar bandwidth as éswpossible
with the cross talk in the case of two antennas.

The microcontroller controls the RF switch to cotine
alternately the radar transmitter and the Zigbedut®to the
transmitter antenna, label@X in Fig. 3. However, the latter is
used by the Zigbee module both to transmit andet®ive
frames. In fact, the sensor may receive commarms the
base station. This happens to synchronize bas®rstahd
sensor after power-on.

Batteries provide the power supply to the sensor.

We will now detail the radar module and the antesesign.
As the Zigbee module is an off-the-shelf componérig not
further described.

A. Sensor

he The radar module integrates a Fractional-N PLL wath

wideband VCO, a 5.8 — 7 GHz wideband Wilkinson powe
divider, an RF switch, a low noise amplifier (LNA3, gain
block, an In-phase and Quadrature (1Q) mixer, aaseband
filters and amplifiers. The microcontroller progmnthe
synthesizer of the PLL to generate the radar wamgfo
described in Section 11.B, with a maximum transmdawer
level of + 2 dBm. A 5.8 GHz single tone is producgdvery

1 s interval, immediately followed by this SFCW wwéyrm.
The sensor requires about @8 to generate a new frequency,
by which the first 2Qus is to program the PLL, while another 8
Ms is to take into account the VCO maximum settliimge.
The combined LNA and gain block is chosen to pre\adotal
gain of about 30 dB to avoid saturation of the daotk. This

is considering that the two antennas present as-@ospling
of about -35 dB within the operation bandwidth dhdt the
target could move very close to the antennas, miadwa high
reflection and thus high received power.

The bipolar I/Q baseband signals are then acquémdi
digitized by an ADC inside the microcontroller. &nit works
with unipolar signals, between 0 and 3.2 V, thepatd of the
mixer are bandpass filtered, amplified and then@a\ DC
level is added to position the signals to the aenfeADC's

BATTERY AND
LINEAR VOLTAGE REGULATORS

Fig. 3. Block diagram of the sensor.



dynamic range. The
antialiasing filter and as a charge reservoir foe ADC's
switched capacitor input stage.

lowpass filter serves both as anAnother challenge that arises when attempting tiveaat a

compact system size is the problem of the intemefd
antenna cross-coupling. As was explained earligch darge

The 10-bit ADC requires about 26 to acquire the samplescross-coupling enables the power "overflow" frome th

and to digitize the two 1/Q components before thextn
frequency can be generated. These acquired antizedi
samples, containing the target's information, &aentsent to
the base station. This transmission must be prpmeanaged
while simultaneously acquiring the monitoring silgneSince

the Zigbee protocol only transmits frames contajnbytes,

each of the acquired 10 bit samples should be eddieto two

bytes. However, since the | and Q samples are mexfjat the
same time, they can be mapped in 3 bytes. Samihiengignal

containing speed information at 250 Hz for a doranf 1 s,

and considering the 1/Q components, the sensotpeated to
accumulate 502 samples. This translates into 7%&sbyhe
transmission of these frames must be executed fweba

speed sampling instants. For that reason, the s@arples are
mapped in frames of 75 bytes, 25 | samples and 28amples.
The transmission of such frames requires aboutis&ach,
much shorter than the duration of the acquisitieriqul. Each
frame is therefore filled after 100 ms and themgraitted

before the next new sample is acquired. Howeveeg

transmission of the last 3 speed bytes is achievitd the

transmission of the 80 1/Q burst samples, i.e. bg@s. This
involves the transmission of two consecutive frane@sh with
63 and 60 bytes, respectively. The former, comgirglso the
last 3 speed bytes, is transmitted immediately r aftee

acquisition of the first new I/Q speed, while tredtdr is

transmitted after the acquisition of the second Beed
samples.

The 5.8 GHz tone is generated immediately afteiSIRe€W
waveform. However, the first I/Q speed samplesaaguired
after about 2 ms after the acquisition of the kst samples.
This is done to hold the 4 ms speed sampling timeaa
constant.

B. Antenna

Regarding the antennas for the sensor, two iddrdigal-
band antennas based on the coplanar waveguide (GBW)
tie have been designed for the sensor. Accordingesystem
requirements, the antennas are to be used fort tau@gtoring

between 5.8 and 7 GHz, and for sensor-to-baseostati

communication at 2.45 GHz. Besides resonance piisiess,
a set of stringent design requirements is imposeldich
includes size compactness and radiation charattsris
Firstly, the backscattering within the frequencydavhere the
sensor is used to locate the target and to deteritsnspeed
must be strongly reduced to enable maximum forvgeraer
towards the target. A failure in doing so will obusly limit
the forward transmit power, resulting in a wealestfon from
the target, and in a waste of energy. Moreovecesihe sensor
is intended to be mounted either to the wall oth ceiling,
the relative reflection of the wall or ceiling wiury the much
weaker target’s reflection.

transmitting antenna to the adjacent receiving elgm
involving a strong reflection. These two undesirefflects
therefore involve the decrease of the total rectvgain to
avoid the saturation both of the amplifiers andtlef ADC.
Thus, the longer the distance to the target iswbaker is the
reflection such that it is no longer perceptiblethg ADC'’s
resolution, as it is buried in the noise.

These considerations, plus the objective for a 5 m
equivalent room area coverage lead to the followdegign
requirements: (1) a compact antenna footprint, @pprately
equivalent to the overall sensor's size; (2) anerard
beamwidth of approximately 60° for a wide coveragehe
azimuth plane; and (3) a minimum gain of approxaheé dB
with unidirectional forward radiation.

The designed antennas are shown in Fig. 4. Eachtibow
element is fabricated on a 1.524 mm thick RogergtG03
substrate, with a relative permittivity, of 3.38 and loss
tangent ta# of 0.021. Two identical antennas are then secured

tlonto 18.5 mm thick foam substrates with= 1.05 prior to

placement on a common ground plane sized at 112 mr.
Besides minimizing antenna back radiation, suchrg@ment
enables bandwidth broadening across 6 to 7 GHz.cldse-
proximity placement of the antennas are almostagerto
induce cross-coupling, thus a 39 x 31 x 1 mm vartieall is
introduced between the two antennas, placed 19.5fnom
each element.

The designed antenna combination has successfully
achieved its intended purpose. In fact, the usth@fcommon
ground plane reduces strongly the backscatterirglevihe
use of the metal wall suppresses the cross-couf8ig
besides maintaining a satisfactory reflection doeffit (S,),
as shown in Fig. 5. For this fabricated prototytpe, S, results
between 6.6 GHz and 7 GHz are indeed slightly abboelB.

Fig. 4.
antenna.

Fabricated prototype of the proposed tleosent bow-tie

Zighee band Radar band
—l

o

Sparam (dB)
2

-50 - . ; T ' T
2 3 4 5 6 7
Freq (GHz)

Fig. 5. Measured antenna S-parameters.




However, the highest/worst;Swithin this range is -7 dB,
which translates to a maximum of 20% reflected RWwey.
This is mainly due to both the soldering and thfiadilty of
realizing a completely flat foam spacer. Similafyr the
system, this means that a maximum of 20% less pasver
transmitted, resulting in a lower target-reflecsighal detected
by the receiver. This may produce an error in alisalistance
detection when the target is really far away frdm &ntenna,
i.e., more than 5 m. At these distances, reflestifstom the
target received within the 6.6 — 7 GHz band willt rme
perceptible by the receiver despite the sufficiegnal
amplitudes received in the 6 — 6.6 GHz band. Thisnt
potentially causes a wrong target location integiren in the
range profile. However, the measurements indictiisdis not
a problem in a 5 x 5 fisized room.

IV. EXPERIMENTAL RESULTS

Experimental evaluations have been conducted vetdi r
human volunteers who are allowed to move freeth@whole
room. The sensor has been fixed to the wall atriLd§ height.
Furniture and metallic shelves are deliberatelyluhed to
enable the existence of clutter and reflectiongnioking a
typical room setting. Falls are mimicked with twdfetent
human volunteers, with a similar 1.75 m height 8ifterent
weights, to enable the evaluation of different fgkeeds. The
first and second subjects’ weighs are 90 kg andk@b
respectively. However, only frontal falls have beamluated
at different locations at radial distances in thieol® room,
using an inflated mattress to avoid injuries. Alsmly one
person was present in the room at a time.

The prototype implementation of the proposed sysiem
proven to be accurate as illustrated in the follguiesults.

A. Tag-less localization
Fig. 6a represents an initial range profile of espa at 4 m

magnitude

3 4
range profile (m)

@

o

magnitude

3
range profile (m
(b)
Fig. 6. Range profile of a target at 4 m awayahtennas before (a) and after
(b) compensation and calibration.

)

B. Fall detection

A data set was built containing 70 activities meadurom
two persons. In particular, 20 walking signals hayeen
acquired for each person, who was allowed free mewt in
the whole room, and 30 fall signals have been aeduiith
each subject located at known distances from thienaas.
Figs. 7a and 7b show the speed signals respectielpg a
walking and a fall movement. The LS-SVM model igired
using the data of a single person (target 1) aad thalidated
using the data from the other person (target 2js plocess is
repeated two times since data from two personsawaiable.
The results of the classification are shown in €dblt can be
seen that the GA kernel, that incorporates timeeddpnt
information, presents a success rate in distinguisHall
events from normal movements of 94.3% outperforntimg
linear and RBF kernels. This is expected sinces fakhibit a

away from the antennas, prior to the compensatiod atime dependent structure as the speed increasdisicmrsly

calibration process. The peak, which is supposeihdiwate
the target's absolute distance, is totally overmieel by the
undesired reflections originating from the cluttand the
antenna’s cross-coupling. In particular, the lattethe most
dominant effect as emphasized by the strong pe&®0 atm.
This indicates also the position of the two antenira the
range profile, which in theory should be at 0 meTpeak
therefore results shifted in range due to the efiéc¢he fixed

frequency shiftd,, whose value can be read and used durir]

calibration.

After applying the compensation and the calibratteps,
the target's peak can be perfectly distinguishedstasvn in
Fig. 6b.

However, it should be noted that the radar hasrgea
resolution of 15 cm. It means that any target’'s sidaf
distance will be rounded to the nearest locaticalgion
provided by the radar. This also establishes thdrman error
in localization of 7.5 cm.

until the sudden moment when it stops abruptly akernative
method called Dynamic Time Warping (DTW) combineithw
a Euclidean distance measure is frequently usedlassify
sequences of vectors. In order to compare the LB-3%th
GA solution to this standard method an additiongdegiment
was included. The results show that the GA kertightty
outperforms the DTW alternative on this data set.

By reducing further the crosstalk, it will be pddsi to
'Hcrease the total receiver gain and consequeatiynprove
the accuracy of velocity detection, besides theati&tn range
extension. Also the system's sampling rate inflesnthe
accuracy of the speed detection, i.e., the highier the more
accurate is its detection. However, this will sfgaintly
complicate the system since the duration of the \8Hililses
must be shortened and the ADC sample rate incredses
will involve higher power consumption and a largember of
transmitted frames to the base station. Howeveshduld be
noted that in this application the main goal isditect the
changes in speed and not to determine how accigatee
value of the instantaneous speed.
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Fig. 7. Speed signal during (a) a walking movermamd during (b) a fall
event. The frequency of the signal is proportidonahe radial velocity of the
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person during the movement. An inflating mattress theen used when [9]

invoking falls. For that reason, the correspondipged signals do not stop

suddenly but there is also the effect of the reldswim the mattress.

TABLE |
FALSE POSITIVES AND SUCCESSRATE USING FOUR CLASSIFICATION MODELS
Classification Target 1 Target 2
model % False % Success % False % Success
Positives Rate Positives Rate
LS-SVM lin 15 85.7 10 82.9
LS-SVM RBF 15 80 15 85.7
LS-SVM GA 0 94.3 0 94.3
DWT 10 91.4 0 94.3

V. CONCLUSION

(10]

[11]

[12]

[13]

A radar-based system has been proposed as a nevaapp [14]

for contactless fall detection and tag-less loadian in in-
door environment. This is inline with the growinged for
novel health care solutions. The full system cornigimadar,

wireless communications, and data processing tquksihas [15]

been analyzed and described. The prototype impletien

has been designed to satisfy the European and dedgfg
Communications Commission (FCC) UWB spectrum masks.

Practical problems, such as backscattering andtedlis have
been also addressed. Experimental evaluations watd
human subjects have demonstrated accurate deteaftitme

target’s absolute distance and fall events.

Next step is to combine multiple sensors in a \wseglsensor
network configuration, in order to monitor multipfeersons
and to increase the accuracy and coverage areandeyne
room. The final application is automated remote itooimg in
private homes, although it can also be adoptedchtose call

solutions in nursing homes.
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